Abstract The case of an upper oesophageal perforation as a concomitant injury of an isolated fracture of the upper thoracic spine without neurological compromise has not been described so far. A Case report and review of the literature is presented here. Concomitant oesophageal perforations carry a high risk of being missed initially. CT alone can visualize the subtle indirect signs like peri-oesophageal air. The literature revealed that only peri-oesophageal air might be a valid indicator of oesophageal injury. There are no systematic data on thoracic spine fractures with concomitant oesophageal perforations. Mediastinitis secondary to oesophageal perforation might be treated conservatively with endoscopic stent placement rather than surgically. As the radiological signs of concomitant soft tissue injury, like oesophageal perforations, in fractures of the upper thoracic spine are subtle and easily missed initially only anticipation of concomitant injuries by the treating physician based on the trauma mechanism ensures a timely diagnosis.
Introduction
High-energy collisions in restrained drivers subject the spine to substantial acceleration/deceleration moments. The mechanical effects of a three-point seat belt can add relevant torsional moments. The physician can only hardly anticipate the exact trauma mechanism and its effect on the spine and the surrounding soft tissues from post hoc information.
The diagnostic strategy should not be based solely on the clinical presentation, but also on the energy and the mechanism of the accident. Generally, only a thorough analysis of CT images is the only means to understand the full complexity of the injury. Special attention has to be paid to the usually discrete signs of concomitant injuries.
We report a case of an extension fracture of vertebrae Th3 and Th4 with concomitant perforation of the oesophagus that was overlooked in the initial survey and became clinically obvious when the patient became septic.
Case report
A 58-year-old restrained vehicle driver sustained a high velocity rear impact. Due to the high velocity mechanism of the accident, the patient was transferred from the scene to a level 1 trauma centre by the aero-medical rescue services. Upon arrival in the ER, the patient was mentally alert and complained of severe pain in the chest and the upper thoracic spine. After completion of the trauma protocol, the diagnosis of an extension injury of the thoracic spine with a fracture of thoracic vertebrae 3/4 ( Fig. 1 ) was made. There were no signs or symptoms indicating spinal cord compromise.
Internal fixation of the fracture using an image guidance system was performed on the day of admission. The postoperative course was initially uneventful. However, the patient recovered only slowly and inflammatory markers remained moderately elevated for a prolonged period of time. On day 6, the patient developed temperatures of up to 40°C. Clinically the patient appeared septic with fever, general malaise, elevated infection parameters, elevated liver enzymes and tachycardia and an episode of dyspnoea. Additionally, the patient reported that he had an infection with tropical malaria 20 years ago with similar symptoms. As there was no evidence of wound related infection, pneumonia or urinary tract infection an additional CT scan of the chest was ordered (Fig. 2) . The patient was transferred to the SICU for further workup and stabilisation. A calculated antibiotic therapy with piperacillin/tazobactam and fluconazole was initiated. A reactivated malaria as cause of the condition was ruled out. Analysis of the CT scan of the chest revealed air inclusions and an abscess formation in the paravertebral soft tissues at the level of the vertebral fracture with no evidence of a pneumothorax. Reevaluation of the first series of CT scans revealed that there too small air inclusions were present at the fracture level ( Fig. 3 ). As these findings suggested an oesophageal rupture, a contrast study of the oesophagus was ordered. The diagnosis of oesophageal rupture was confirmed (Figs. 4, 5). On day 11, an esophageal stent (partially covered, MicroTec, Japan) was placed endoscopically over the site of perforation. The position of the stent was controlled with a CT scan with oral contrast and showed that the perforation was successfully sealed. Concomitant pleural effusions were drained with a chest tube. The further course of the patient was uneventful. The patient was transferred to the general ward on day 19. The inflammatory parameters gradually decreased. On day 30, the antibiotic therapy was discontinued. To protect the stent the patient was kept on liquid enteral nutrition and discharged 37 days after admission. Removal of the stent is scheduled for the eighth week after insertion. 
Discussion
High-energy rear impact motor vehicle collisions typically result in distraction-flexion injuries of the thoracolumbar junction in restraint drivers [10] . In those cases where a three-point belt system is deployed the driver is more likely to sustain a burst type fracture [2] . The injury described here with a coronal split fracture of Th3 and fracture at the pedicle base of Th4 with a simultaneous fracture of the lamina at the same level is suggestive of significant rotational moments. The incidence of injuries associated with flexion distraction injuries of the thoracolumbar and lumbar spine is well described. Chapman et al. [5] report an incidence of spinal injuries in 25% and intraabdominal injuries in 30% of patients suffering a thoracolumbar injury. The rate of missed injuries in this population is 3.9 and 0.9%, respectively. However, there is no systematic data on the incidence of concomitant injuries and the rate of delayed diagnosis in fractures of the upper thoracic spine.
The oesophagus is in very close contact to the spinal column between C5 and Th4 [15] , i.e. in this area forces acting on the spine are directly transferred to the surrounding tissues. However, the oesophageal rupture can only result from severe distraction of the oesophagus although Maroney et al's. [13] report on an oesophageal perforation due to entrapment of the organ between the fractured vertebral body resulting in occlusion of the oesophagus. A perforation secondary to an ischemic event due to an extension mechanism resulting in a disturbed micro perfusion in the as suggested by Stothert et al. [19] and Chilimindris et al. [7] is certainly not an option in the present case. In case of a perforation secondary to ischemia there would have been no free air on the initial CT scan, as a perforation due to ischemic tissue damage will take some time to become radiologically apparent.
The signs and symptoms of this condition are nonspecific and usually are the same that arise from blunt impact to the chest, which typically goes along with this type of injury.
Delayed diagnosis and treatment of oesophageal perforation is a common problem. If undiscovered, an oesophageal perforation inevitably results in mediastinitis and sepsis. The mortality rate of this condition is up to 40% [4, 11, 12, 14, 16, 18, 22] . Cherveniakov et al. [6] emphasise the importance of early treatment, and report a delayed diagnosis due to failure to recognise the clinical symptoms in 55% and due to misinterpretation of X-ray findings in another 25% in their series of 147 patients. Generally, a delay between diagnosis and therapy of more than 24 h has been found to adversely affect the outcome [4, 9] .
As clinical findings alone are obviously insufficient to guide the physician, imaging studies are of special importance. White et al. [21] report that extraluminal air was the most useful CT finding which was present in 92% of their patients. Exarhos et al. [8] investigated sensitivity and specificity of CT imaging in acute mediastinitis. In the subgroup of traumatic mediastinitis secondary to iatrogenic perforation, sensitivity and specificity of peri-oesophageal fluid collections and free air were both 100%, albeit there were only seven patients in this subgroup. However, free air in the peri-oesophageal tissues may be the only early visible sign of oesophageal injury that needs to be looked for if an adequate trauma has occurred. Generally, the diagnostic focus in spine traumatology is centred on bony and ligamentous lesions. Relevant concomitant injuries of the surrounding soft tissues are usually not directly visualized with X-ray based imaging techniques. Thus, the most important moment to diagnose soft tissue injury on the initial survey is to anticipate the possibility of concomitant injuries based on the trauma mechanism. Additionally, double reading strategies of CT and X-ray images have been proven to reduce the incidence of missed injuries [1] . Berbaum et al. [3] analysed the 'satisfaction of search' effect, i.e. the effect that concomitant injuries are missed after one, often serious, injury has been detected, in diagnostic imaging by systematically adding fractures of different severity to the image collection of multiple trauma patients. Interestingly, the detection of subtle test fractures was substantially reduced when fractures of low morbidity were added, whereas the 'satisfaction of search effect' was absent if the added fractures were associated with high morbidity. It can be assumed that there is a tendency towards missing discrete indirect signs of soft tissue injury in the initial survey of spinal trauma patients. The optimal treatment of mediastinitis due to oesophageal perforation remains an issue of continuing debate. Generally, the surgical option, i.e. primary repair, has to be weighted against a conservative approach. Traditionally, the surgical approach was reserved to perforations diagnosed within a timeframe of 24 h. If the diagnosis is not made early, surgery carries a high morbidity and mortality. Conservative therapy may be the better choice if the process is limited to the mediastinum, while surgery should be confined to those cases with simultaneous rupture or perforation of the pleura [20] .
If conservative treatment is chosen, endoscopic stent placement has become a reasonable adjunct. Siersema et al. [17] report on good results using large diameter stents in the treatment of traumatic non-malignant perforations of the oesophagus and conclude that metallic large diameter stents can be safely used in this patient population, provided that there is no uncontrolled spread of the infection to the mediastinum and/or pleural cavities and broad-spectrum antibiotics are administered.
Conclusion
Oesophageal perforations secondary to extension fractures of the upper thoracic spine are rare concomitant injuries. If undiscovered on the initial survey, the ensuing mediastinitis and sepsis put the patients' life at risk. The most important measures to reduce the risk of missing this injury are, double reading of the radiographs, and before all, the anticipation of this injury based on the trauma energy and the fracture type. 
